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Summary
Thisnote is one of a seriescoveringan investiga-
tion of a familyof relatedairfoils. It givesin prelim-
inaryform the resultsobtainedfromtestsin the N.A.C,A.
Variable-Densitywind Tlranelof two groupsof six airfoils
eat-h.One group,the 43 series,has a maximummean camber
of 4 per cent of the chordat a position0.3 of the chord
from the leadingedge;the othergroup,the (53series,has
a maximummean canherof 6 per cent of the chordat the
sameposition. The memberswithineachgroupdifferonly
in maximumthickness,the maximumthickness/chordratios
being:0.06,0.09,0.12,0.15,0.18,and 0.21. The re-
sultsare analyzedwith a view to indicatingthe variation
of the aerodynamiccharacteristicswith profilethickness
for airfoilshavinga certainm~an camberlii~e.
Introduction
An extensivestudyof the relationbetweenthe ge-
ometricand the aerodynamicpropertiesof airfoilsat a
high value of the ReynoldsNumberis in progressin the
Variable-DensityWind Tunnelof theNationalAdvisoryOom-
mitteefor Aeronautics.Testsof a largenumberof rela-
ted airfoilsare beingmade at a ReynoldsNunberof aj?prox-
imately3,000,000with a view to establishlrgdefinitely
the effectof systematicvariationsin proftleshapeupon
tke lift,drag,and pitchingmomentcharacteristicsof
airfoils. l?orthepurpos”eof this investigation,as dis-
cussedin reference1, airfoilprofilesare consideredas
madeup of certainprofilethicknessformsdisposedabout
@ certainmean camberline forms. The variousN.A.C.A.air-
foilsfor this investigationwere developedby changing
systematicallythesetwo shapevariables. Six maximum
l
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thickrless/chordatiosware chosen:0.06,0.09,0.12,0.15,
0.18,and 0.21. The mean camberline form@ependson two
variables,”themaximummean camberand the d5.stancefrom
the leadingedgeto thepositionof the maximummeancamber.
Threeratiosof themaximummean camberto the cho~dwere —
chosen:0.02,0.04,and 0.06. Thesewe_rtico~binedwith
sixpositionsof maximummean camber:0.2,0.3, 0,4,0.5,
0.6,and 0.’7of the chordfromthe leadingedge. The air- .-
foils so yroducedare designatedby a num%erof four digits;
the firstindicatesthe maximummean camber;the second,
the positionof themaximummean camber;and the lasttwo,
the maximum-thickness,Thusthe N,A.C,A.6321airfoilhas
a Tiaximumean camberof‘6per cent of the chordat a posi-
tionG,3 of the chordfrom the leadingedge,and a maximum .
thickne~sof 21 per cent of the chord;the N.A.C.A,0012
is a symmetricalairfoilhavinga maximumthicknessof 12
per centof th~ chord,
s-
The resultsof testsof the six symmetricalN.A.,C,A.
airfoilshave beenpublishedin preliminaryform in ref-
erence1. Similarpublicationspresentingdata on the J
oth’crairfoilswill followas the testsare made.
Thisnotepresentsthe resultsof te”stsof two series
of sixairfoilseach,the airfoilsof each serieshaving
the samethicknessforms.asthoseof the symmetricalseries
(reference1), but havii,gc-tirvedinsteadof straightmean
camberlines. All twelveairfoilshave mean camberlines
of suchform thatthepositionof themaximummean cam’ber
is 0.:3of the chordbehindthe leadingedge. $ix of the
airfoil=,the 43 series,have a maximummean camberof 4
per centof the chord,and.the bthersix,the 63 series,
have a maximummean camberof 6 per cent of the chord,
Descriptionof Airfoils
Tho methodof arriving at tho thicknessformsused to
developthe N.A,C.A.airfoilsis describedin reference1.
The thicknessordinatesare definedby ~he equation
---
+ 0.2843C)Oxa- 0,10150034)
.N.A.C.A.‘TechnicalNote No. 391 3
where t is the ratioof the maximumthicknessto the
chord. Each mean camberline is definedl)ytwo parabolic
equationscf the form
Yc = a + bx + CX2
wherethe leadingend of the mean camberline is at the
%
originand the trailingend is on the x axisat x = 1.
The constantsin the above equationare eterminedby the
followingconditions,
1. x=Oorx+ 1, yc = o
2* x= positionof maximumcamber, dycjdx= O
30 x= positionof maximumcamber, yc = maximum
camber. -
The methodof combiningthe thicknessformswith the
mean camberline formsis best describedby means of the
diagramin Figure1. The linejoiningthe extremitiesof .
the mean camberline is chosenas the chord. Referringto
the diagram,the ordinate yt of the thicknessform is
measuredalongthe”perpendicularto the mean camber3.ine
from a point on the mean,camberline at the corresponding
stationalongthe chord. The resultingupperand lower
surfacepointsare then designated:
ordinates yu a?d y~
stations xu and xl
where the subscriptsu and 1 referto upperand lower
surfaces,respectively.In additionto thesesymbols,the
symbol e is employedto designatethe anglebetweenthe
tangentto the mean camberlineand the x-axis. Thisangleis givenby
The followingformulasfor calculatingthe orcl”inatesmay
now be dertvedfrom the “diagram
Yu =yc+ytcose
Xu = x - yt sin e
YI = Yc - yt cos e
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x~,= x +-y~ i3j.n ‘“e“- “:
.,.
Samplecalculationsare givenin Figure1. *“ .
,., ,
.7,
The ordinatesof the N.A~C.A.’’airfoilswithwhichthis
reportdeals.~ereoltainedin the mannerdescribed.The
mean camberlinQsfor the”besectionsare
From’x“=“o.to x =a.3 I?ro”mx =Q.3tox=l”
-..
43 series yc = +(2.4x- 4X2) yc =*(1.6 + 2*4X- 4x’)
.
63 series Ye”= *(3.6x- 6X2)’”Yc =#~(2.4+ 3.~xv 6X2)
The ordinatesfor the airfoilsare givenin”TablesI to XII
and profileshapes’ar~shownin ?igure2. .
The models,Which”wereconstructedof duralumin,have s
a chordof 5 intih.esand a.span’”of30 inches. The methodof ‘ -
constructionis describedin reference.1. !?heX,A.C.A,
4312airfoil,liowev~r,}%asconstructedbefor:e”th’econstrue- -r-,
tionpToceduiewas standardized.The fact that”thisair-
foilwas‘notso car”b.fuilymade as the othersma;?account
for thefact that the‘plotted,resultsfrom the testsOf
thicairfoildo not fair in with the otherresults.
Testsand Results‘ —
Routipemeasurementsof lift,drag”,and pitchingmo-
ment about”a pointone-quarterof tho chord@ehindthe
leadingedge”&eremade at a ReynoldsNumberof approximately “-
3,000,000.”‘A”descrtptionof the tunqeland methodof.test-
in~ is give~::ifireference1.
The resultsars presentedin the form of coefficicmts
correctt3d,afterthe methodof reference2, to give in-
finiteaspectratiocharacteristics.~ablesXIII to XXIV
pre~entthe correctedresults:lift coefficientC ,
2
anglc
of attackfcr infiniteaspectratio, (ZO,profile rag
coefficientq)o, and pitchingmoment.coo.ffi.cielltabouta
point One-qu.art=rof the chordbehindthe loadinredge
c%/4” Thesedataare al~opresentedin severalfidares
to ~acilltiatethe discussion.
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Discussion
Variationof theAerodynamiccharacteristicswith
——.—..
thickness.-
—-
The’variationof minimumprofiledrag coeffi-
cientwithmaximumthibknessis shownin Figure5. This
relationmay be expressedly the equation
CDO min.= 0.0065+ 0.0083t-t0.0972t2+ k
where t is the ratioof the maximumthicknessto the
chordand k is a constantfor the airfoilsh~.vingthe
samemean camberline. The firstthreetermsof the above
expressiongive the minimumprofiledrag coefficientfor
the six symmetricalN.A.C.A.airfoils. The valuesof k
are givenbelow:
43 series k= 0.0009
63 series k= 0.0020.
The calculatedcurvesand the testpointstakenfrom the
fairedprofiledragcurves(figs.3 and 4) are shownin
Figure5.
Maximumliftcoefficientsas takenfromFigures6 and “
7 are given.ifithe followingtable:
Airfoil %JW&?k % max.&Zw ——.
4306 1.20 6306 1.54
4309 1.60 6309 1.66
4312 1.63 6312 1.64
4315 1.56 6315 1.55
4s18 - 1.46 6318 1.43
4321 “1.29 6321 1.37
Theseresultsare in agreementwith thosefor the symmet-
ricalairfoilsin that the Moderatelythickairfoilsgive
.
K the highestmaximumlift coefficients.
The variationof the slopeof the lift curvewith
a thicknessis shownin Figure8.’ The pointson the figuro
representtho deducedslopesas measuredin the angular
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rangeof low profiledrag fdran-infinitespanwing. It
will be notedthatall.of thevalueslie belowthe ap~rox- ““ --
imatetheoreticalvaluefor tliinwings, 2n per radian.
Theseresultsshow substantiallythe samevariationas do
thosefrom the symmetricalairfoils;that is, the slope
decreaseswith increasedthickness,
The pitchingmomentcoefficientsat the anglesof
attackscorrespondingto zeroliftare givenin the follow-
in~ tavle:
Airfoil
.—.
cm.
.—
Cmo
——
.—
—.
4~G&
-0.0.75 6306 -- -..
4309 .075 6309 -0.111
4312 .072’ 6312 .109 8-
4315 .068 6315 .104
u
4318 . .065 : ‘6318 .097
—
_-
4321 .05’7 6321 .091
The calculatioriof the“momeqtcoefficienthas commor~lybeen
%asedon the assumptionthatan airfoilmay %e replacedby
itsmea-~camberline. Thisassunq>tion,however,wouldlead
t~ the samemomentcoefficientfor all sec{ionsin either
one of the abovegro-aps,sincetheyhave the samemean cam-
ber line. It is apparentfromthe abovetablethat suchan
assumptionleadsto erroneousresults;actuallythe mag-
nitudeof“thedivingmomentcoefficientdecreaseswith in-
creasingt-nickness.
—
The ratioof the maximumlift to the minimumprofile
draghas previouslybeen takenas a measureof the general
efficiencyofan airfoilsection. qhe variationof-this
ratiowith thicknessis shownin Figure10. The N,A,C.A.
4309 showsthe highestvalueof thisratio.
,, — .—-
Variation_ofthe characteristicswith lift or an#%lQ.-
——-..—-—-.—
The variationof profil~~ragcoefficientwith liftcoef-
ficientis shownby Figures3 and 4. In a~cordancewith
the proceduregivenin reference1, the variationof tho a
additionaldrag coefficientdue to lifthas been studied
by plottingvaluesof CDO - CD5 min. againstthe square +
—
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of the lift coefficientas measuredfrom the lift coeffic-
ientcorrespondingto the ninimumprofiledragcoefficient.
Theseylotsare givenin l?igures11 and 12. It may be
significant o note that the sameline determinedfor the
symmetricalairfoilsfits the presentcasesto a fairde-
gree cf accuracy. It is now possibleto writetheprofile
dra~ coefficientas
CDC= CDO min.-1-~C062(CL- CL op~)a
where cLot may be calledthe optimumlift coefficient;that is, th~ <iftcoefficientcorrespondingto the minimum
profiledrag coefficient.The optimumlift coefficient
varieswith thicknessas well as with camber,the value in-
creasingwith camberbut decreasingwith thickness.CL opt.
variesfrom 0.40 for the 4306 to O for the 4321 and from
0.70 for the 6306to 0.10 for the 5321. Thesevariations
may be expressed@ the followingformulas:
43 ser$es CL opt”
F
= 0.56 - ;t
63 series CL opt~= 0.94 - 4 t
The variationof the pitching-momentcoefficientwith
angleor liftmay bo best studiedwith referenceto thin
airfoiltheory,whichpredictsa constantpitchingmoment
abouta point one-quarterof the chord%ehindthe leading
edge. The theoryindicatesthat the momentaboutthis
point is constantbecausethe centerof pressureof that
part of the air forcewhich is due to angularchangesis
at the quarterchordpoint. However,the curvesof Cmc/4
againstangle of attac~k(fig.9) showa slightslopein ‘
the normalworkingrange,as did the correspondingcurves
for the symmetricalairfoils.(Reference1.) The point of
constantmoment is, therefore,not exactlyat the quarter
cl~ordpoint,kut displacedforwardfrom it as indicatedin
tilefollowingtable:
Displacement Displacement
Airfoil
.——. (Percentchord) Airfoil (Percent chord~
——-— —.
.
4306 0.3 6303 0.1
4309 .5 6309 .1
4312
.2 6312 .4
4315 6315 . 6
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4318” ~ .9 6318 1.0
4321 1.6 6321 1.6
In reference1, the centerof pressurefor f3ymmetriCal
airfoilsis shownto be fartherforwardforthe thickair-
foils. The precedingresultsmay, therefore,be considered
as indicatinga displacementof the centerof pressurefor
thatpart of the air forcesdue to angularchanges.
LapgleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteefor Aeronautics,
Langleyyield,Vs.,August26, 1931.
References
1. Jacobs,.EastmanI?.:Testsof Six SymmetricalAirfoils s
in the VariableDensityWind Tunnel. N.A.C.A.Tech-
nical.NoteNo, 385,July,1931., 4–
2. Jacobs,EastmanN., and Anderson,RaymondY.: Large-
ScaleAerodynamicCharacteristicsof Airfoilsas
Testedin the VariableDensityWind Tunnel. N.A.C.A. ,
TechnicalReportNo. 352,1930,
N.A.C,A.TechnicalNqto No, 391
I!ABLZ!I
Ordinatesfor AirfoilN.A.C.A.4306
(Dimensionsin per cent of chord)
Upper Surface
Station I
“
1.016
2.190
4.614
7’.088
9.590
14.547
19.?46
30.000
40.047
50.086
60.t12
70.119
80.107
90.071
95.043.
100,007
k L.E. raaius
Slopeof radius
r passing through
end of chord
. .
.
Ordinato
1.244
1.9C8
2.958
3.809
4.528
5.650
6.414
7.001
6,819
6.321
5l 545
4.522
3.266
1.782
l955
.063
.394
4/15
9
LoworSurfaco
Station
El
1.484
2.810
5.386
7.912
10.410
15.353
20.254
30.000
39.953
49.914
!59.888
69.881
79.893
89.929
94.957
99.993
0
-0.592
.63.2
.514
.309
,084
+ .350
-1-.698
-!-.999
+1.017
+1.02’7
+ .987
-I-,86(j
+ .652
+ .340
+ .1.47
.063
..
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TABLE11
Ordinatesfor AirfoilN.A.C.-L.4309
(Dimensionsin per cent of chord)
UpperSurface
Station \
-
0.898
2.035
4.421
6.882
9.385
14.470
19.619
30.000
40,07’1
50.130
60.167
‘70.179
80.160
90.106
95.064
100.011
L.E. radius
..
Slopeof radius
passingthrough
end of c’herd I
Ordinate
1.’703
2.542
3.826
4.839
5.682
6.976
7.844
8.502
8.268
?.643
6.685
5.436
3.918
2,1.43
1.153
.094
.887
. .
4/15
10
LowerSurface
Station
Q
1,“602
2.965
5.579
8.118
10.615
15.530
20a381
30.000
39.929
49.870
59.833
69.!321
79.840
89.894
94.936
99.989
----
Ordinate
0
-1.051
-1,266
-1,382
-1.339
-1.238
.976
. .732
.502
.432
.295
.153
l 048
l 000
.021
- .051
l(394
——
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TA3LEIII
Ordinatesfor AirfoilN.A.C.A.4312
(Dimensionsin per cent’of chord)
Upper Surface
Station
-.,
0.782
1.879
4.228
6.6?6
9.180
14.294
19.492
30.000
40.095
50.173
60.223
70.239
80.213
90.141
95.085
100.014
L.E. radius
Slopeof radiui
passingthrougl
end of chord
Ordinate
2.162
3.1’77
4.692
5.868
6,833
8.298
9.272
10.002
9,720
8.965
7,824
6.351
4,571
2.503
1,353
.125
L.576
4/15
Lower Surface
Station
0
1.719
3.121
5.7’72
8.+324
10.820
15.706
20.508
30.000
39.905
49.827’
59.777
69.761
79.787
89.859
94.915
99.986
Ordinate
Q
-1,510
-1*901
H2..251
-2.368
-2=389
-2.298
-2.160
-2.002
-1.884
-1.617
-1.292
- ,963
. .653
.381
- ..253
.125
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TABLEIV
Ordinatesfor AirfoilN.A.C.A..4315
(Dimensionsin per cent of chord)
Upper Surface
—
Station
0.664
1.724
4.036
6,470
8.975
14.117
19.365
30.000
40,118
50.216
60.2’79
‘70.298
80.267
90,1’77
95.107
100.018
L.E. radius
Slopeof radius
Eassing‘thj:o~h
end ofchord
~rdinate
2-620
3,813
5.562
6.898
‘7,988
9.624
10.700
11.503
11.171
10.289
8.963
7.264
5.225
2.863
1.556
.157
2.464
4/15
—.
LowerSurface
Station
o
1.836
3.276
5.964
8.530
11.025
15.883
20.635
30.000
39.882
49.784
59.721
69.702
79.733
89,823
94.893
99.982
Ordinate
o
-1.968
-2.537
-3.118
-3.398
,.
-3,544
-3.624
-3.588
-3.503
-3.335
.
-2.941
-2.431
-1.876
-1.307
.
l 741
,454
.157
~?.~.c.~.~edklnicd ~o~~ No. ~sl
!I!M3LEV
Ordinatesfor AirfoilN.A,C..&.4318
(Dimensionsin per cent of chord)
Upper Surface
Station
. 0.546
1*569
3,843
6.264
8.7’71
13.940
19.238
30,000
40.142
50.259
60.335
70.358
80.320
90.212
95.128
100.021
L.Il.radius
Slopeof radius
passinqthrough
end of chord
Ordinate
3.080
4.446
6.430
7.928
9.138
10,951
12.128
13.003
12.619
11.612
10.104
8.1’77
5m881
3.224
1.753
.188
3.549
4/15
13
LowerSurface
Station
o
1.954
3.431
6.157
8.736
11.229
16.060
20e762
30.000
39.858
49l 761
59.565
69.642
79.680
89.788
94.872
99.979
Ordinate
o
-2.428
-3.170
-3.986
-4.428
-4.694
-4.951
-5.016
-5.003
-4,783
-4.264
-3.572
-2.7’89
-1.963
-1.102
.651
.188
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TABLEVI
Ordinatesfor AirfoilN.A.C.A.4321
(Dimensionsin per cent of chord)
UpperSurface
Station
0.429
1,414
3.651
6.059
8.566
13.764
19.111
30.000
40.1G6
50.302
60.391
70.418
80.374
90.24’7
95*149
100.025
L.E. radius
Slopeof radius
passingthrough
end of chord
Ordinate
3.539
5.081
7.294
8.957
10.290
12.272
13.556
14s503
14.072
12.934
11.241
9.090
6.535
3.!585
1.953
..220
4.830
4/15
—-—
14
LowerSurface
Station
o—
2.071
3.586
6.349
..
8.941
11.434
16.236
20.889
30.000
39.834
49.698
59.609
69.582
79.626
89.753
94.851
99.9?5
—.
Ordinate
o
-2.887
-3.805
-4.850
-5*457
-5.846
-6.272
...
-6,444
-6.503
-6.236
-5.586
-4.709
-3.702
-2.617
-1.463
,851
.220
..
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!i?ABLEVII
Ord-inatesfor AirfoilH.A.C.A.6306
(Dimensionsin per cent of chord)
15
Upper Surface
—
Station
0.911
2.050
4.438
6.897
9,397
14.476
19.621
30.000
40.07’1
50.130
60.167
70.179
80.159
90.105
95.064
100.011
L.Z3.raa~us
Slopeof raaius
passingthrough
end of chora
Or&inate
1;373
2,185
3.521
4.636
5.596,
7.121
8.177
9.001
8.778
8.15?
‘7.174
5,863
4.240
2.308
1*227
s062
.394
6/15
L9merSurface
Station I Or&inate
o
1.589
2.950
5.562
8.103
10,603
15.524
20.379
“30.000
39.929
49.870
59*833
69.821
79.841
89.895
94.936
99.989
0
-0.395
.269
+ ,14’7
+ .614
+1.070
+1.879
+2.489
+2.999
I-2.978
+2.867
+2.622
+2.217
+1.638
-1-.876
+ .425
- .062
&b
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TAME VIII
Ordinatesfor AirfoilN.A.C.A.6309
(Dimensionsin per cent of &or&)
Urmer Surface I LowerSurface
Station
0.741
1.825
~ 4.15’7
6.595
9.095
14.213
19.431
30.000
40.106
50.194
60.251
70,268
80.239
90.158
95,095
100.016
L*E. radius
Slopeof radiui
passingthrougl
ena of chord
Ordinate I Station
1.816
2s798
4,365
5.642
6.728
8.433
9,6.00
10.503
10.228
9.478
8,312
6.775
4.890
2.66’7
1.423
.094
.887
6/15
Q
1.759
3.1’75
5.843
8.405
10.905
15.787
20.569
30.000
39.894
49.806
59.749
69.732
79.7’61
89.842
94.905
99.984
_-__L--
—
Or&inate
Q
-0.S38
.882
.697
.392
. .062
1-.567
+1.066
+1.497
+1.528
+1.546
+1.484
+1,305
+ .988
+ .517
+ .229
“ .094
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TABLEIX
Ordinatesfor AirfoilN.A.C.A.6312
(Dimensionsin per cent of chord)
Upper Surface
Station
0,572
1.600
3.8’75
6.293
. 8.?94
13.951s
19.24-2
30,000
40.142
50.259
60.334
70.357
80.319
90.211
95.127
100.021
L.3. radius
Slopeof radius
passingthrough
end of chord
Ordinate
2.258
3.412
5.209
6.648
?.858
9.741
11.021
12.002~
11.682
10.800
9,449
7.688
5.541
3.026
1.622
.124
1.576
6/15
17
LowerSurface
Station
—
o
1.928
3.400
6.125
8.707
11.206
16.049
20.758
30.000
39.858
49.741
59.6,66
69.643
79.681
89.789
94.873
99.9?9
Ordinate
o
-1.280
-1.49s
-1l 541
-1.398
-1.192
l 741
.355
. .002
+ .074
+ .224
+ .347
-1-.392
+ .337
+ ,158
+ .030
.124
l“s
.
.
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Ordinatesfor Airfoil
Xote No. 391
(Dimensionsin per cent of chord)
0.402
1.375
3.594
5.991
13.689
N.A.C.A.6315
—.—-
Upper Surface
—— -
Station
19.053
30.000
40.177
50.324
60.418
70.447
, 80.398
90.263
95.159
100.02’7
L.E. radius
Slopeof radiul
passingthrougl
end of chord
Ordinate
2.700
4*oa6
6,052
7.654
8.991
11.053
12.442
13.503
13.130
12.123
10.58’7
8.598
6.192
3.384
1.824
.155
2.464
6/15
——.
18
‘LowerSurface
Station
o
2.098
3.625
6.406
9.009
11.509
16.311
20.947
30.000
39.823
49.676
59.582
69.553
79.602
89.737
94.841
99.973
Ordinate
o
-1.722
-2.110
-2.384
-2.404
-2.325
-2.053
-1.776
-1.503
-1,374
-1.099
.791
*518
.314
,200
.172
.156
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TABLEXI
Ordinatesfor AirfoilN.A.G.A.6318
(Dimensionsin per cent of chord)
19
Upper Surface
Station
0.233
1.151
3.313
5.690
8.191
13.426
18.863
30.000
40.213
50.389
60.502
70.536
80.478
90.316
95.190
100.032
L.E. radius
Slopeof radius
passingthrough
end of chord
--=---4Ordinate
3.143
4,638
6.895
8.659
10.120
12.365
13.864
15.003
14.5’77
13.445
11.726
9.509
.,
6.845
3.742
2.020
.186
3.549
6/15
LowerSurface
Station
o
2.267
3.849
6.687
9.310
11.809
16.574
21.137
30.000
39.787
49.611
59.498
69.464
79.522
89.684
94.810
99.96.8
Ordinate
..—-
0
-2.165
-2.722
-3.227
“3.409
,.
-3l 454
-3.365
-3.198
-3.003
-2.821
-2.421
-1.930
-1.429
.967
“ .558
.368
- ‘.186
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TABLEXII
Ordinatesfor AirfoilIT.A.C.A.6321
(Dimensionsin per cent of chord)
—.
Upper Surface
Station
— ..
0.063
0.925
3.033
5.388
7.889
13.165
18.6’74
30.000
40.248
50.453
60.585
70.625
80.558
90.369
95.221
100.037
L.E, radius
Slopeof radius
passingthrougl
e,ndof chord
o~dj.~ate
3.585
5.252
7.735
9.665
11.251
13.672
15.284
16.504
16.030
14.766
12.862
10.419
7.496
4.101
.2.218
.218
4.830
6/15
20
.
Lower Surface
Station
—
o
2.437
4.075
6.96’7
9.612
12.112
16.835
21.326
30.000
39.752
49.547
59.415
69.3?5
79.442
89.631
94.7?8
99.963
,--—
Ordinate
0
-2.607
-3.336
-4,05’7
-4.415
-4.585
-4.672
-4.618
-4.504
-4.274
-3.’742
-3.066
-2.339
-1.618
.91’7
.
.566
l23,8
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TAi3LEXIII
Airfoil: N.A.C.A. 4306
AverageReynoldsNumber: 3,080,000.
Sizoof model: 5 x 30 inches.
ProsSure,S#andardAtmosphoros:20.3.
TestNo.:561VariableDensityTunnel. Dato:April11, 1931.
—
CD cm ‘
CL (ao;:eos) o c/4
-0,514
.298
.009
.317
,472
,627’
.933
1.191
1.198
1.172
1.128
1.032
.963
-10.1
- 6.8
- 3.’7
.’7
.8
2.3
5.3
8.5
10.5
12.6
16.7
21.0
27.2
0,1399
.0714
.0100
.00!30
.0082
.0087
.0111
.0263
.0730
.1471
.2908
.3918
.5194
-0.019
- .051
.075
,073
,071
- .073
.0’73
.071
.073
- .096
,~~1
- .178
,188
..
H.AqC.A. TechnicalNote No? 391 22
.
.
~~T2Jij~Iv
Airfoil: N.A.C.A.4309
Avorc.goReynoldsNumber: 3,080,000.
Sizoof rlodol.:5 x 30 inches.
ProssuYe,StandardAtmosphoros:20q6P
TestIJO.:563 VariabloDensityTunnel. Date:April13, 1931.
——.
CL
— -. —.
-0.342
.036
.120
.2’7’7
.429
l581
.887
1.176
,.
1.444
1.558
1.603
1.559
1.505
1=393
1,051
a.
(degroos)..-,
-6.9
-3.9
-2.4
.9
.6
2.2
5.2
8.3
11.4
13.0
14.9
15.5
17.2
19.6
26.7
CD
o
0.0117
.0096
.0090
.0099
.0090
.0095
.0111
.0155
.(3238
.0308
.0622
.0904
.1590
.2594
.4767
cm
c/4
.—
-0.078
.075
. .076
.067
.071
- ;065
.069
.074
- .071
“ .064
.085
..
.094
- .115
.151
.173
-—-
*
.
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TABLEXV
Airfoil: N.A.C,A.4312
AverageReynoldsNumber: 3,Z1O,OOO.
Sizeof model: 5 x 30 inches.
Pressure,Stan&ar3Atmospheres:20.7’.
TestNo,: 564VariableDensityTunnel. Date:April13, 1931,
CL
-0.17’8 -
.023
.12’7
.283
l 440
.591
.894
1.181
1.318
1.446
1.561
1.626
1.541
l,4fj6
1.154
a.
(degrees)
-5.4
-3.9
-2.4
.9
.6
2*1
5.2
8.2
9.8
11.4
13.0
14,8
17.1
19.3
26.3
———.
CD
o
—
0.0110
.0105
.0101
.0101
.0104
.0110
.0129
.0174
.0196
.0246.
..0324
.0551
.1331
.1927
.4034
.—
cm
c/4
-o.074-
.070
. .070
.069
.065
.071
l 071
- ~069
.069
.070
- .071
.078
.1(35
- 6121
- .168
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TM3LZXVI
Ainfoil: N.A.C.A. 4315
.4verageReynoldsUunber: 3,120,000.
Stzeof model: 5 x 30 inches.
ProsPure,S$andardAtmosphere:20.8.
TestNo.: 565 VariableDensityTu@nel. Date:April14, 1931.
-0.335
.034
.124
.2’79
.432
.585
1.527
1.558
1.531
1.492
1.461
1,228
—.
-6.9
“3.9
-2.4
.9
.6
2.1
5.2
8,3
11.5
13.1
14.8
15.1
17.3
19.4
26.1
-
‘D.
0.0123
.0109
.0107
.0109
,0113
.0117
.0135
.6174
.0266
l 0345
.0650
l 0743
.1314
.1822
.2650
.-..
c%/4
-0.0’72
.068
.066
.066
- .065
- .064
“ .062
. ,061
- .062
.063
- .073
.078 “
- .093
- .107
.151
s.
.
l
.
25
TA3LEXVII
Airfoil: N.A.C.A, 4318
AverageReynoldsIWfiber:3,090,000,
Sizeof model: 5 x 30 inches.
Pressure,StandardAtmospheres:20.8.
TestNo.: 566 VariableDensityT&nnel. Date:April14, 1.931.
—.
CL
-0.190
.039
.107
.260
.412
.557
.849
1.119
1.362
1.455
1.425
1.404
1.217
(d.e~gees)
—. .
-5,4
-3*9
-2.3
l 8“
.7
2.2
5.3
8.4
11.7
13.4
15.5
19.5
26.1
%.
0.0126
.0122
.0120
.0119
.0123
.0132
.0156
.0207
.0320
.0472
.0978
.1796
.3337
——
—.
c
~c/4
.--—
-0.068
.065
.064
.061
.059
.058
.054
.054
.055
.059
.075
.095
- .133
..
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TABLEXYIII
Airfoil: N.A,C.A.4321
AverageReynoldsN-~ber: 3,120,000.
Sizeof model: 5 x 30 inches.
Pressure,StandaraAtmospheres:20.7.
TestNO.: 567 VariableDensityTunnel. Date:April15, 1931.
.
.
Cjj I
~ (de~~ees)
-0.325 i -7*O
.032
,113
,263
.405
.55G
.830
1,086
1,1!39
1.28G
1.291
1.292
1.269
1.113‘
-3,9
-2.4
.8
.7
2.3
5.4
8.5
10.2
11,9
13.9
15.9
20.0
26.5
CD
o
0.0142
.0134
.0134
,.0137
.0142
.0152
.0182
.0253
.0327.
.0508
.0903
.1287
l 2111
.3469
cm .
c/4
-0.069
.058
.056
.053
- .050
l 047
.046
- ,041
.040 :
.052
.060
. l 070
- .097
.119
———
.
.
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9ABLEXIX
Airfoil: N.A.C.A.6306
AverageReynoldsNunber: 3,080,000.
si~~of model: 5 x 30 inches.
Pressure,StandardAtmospheres:20,6.
Test No.: 5’75VariableDensityTunnel. zDate:.<pril17, 1931.
-0.263
.063
.242
.408
.565
.722
1.031
1.317
1.539
1,496
1.40’7
1.254
1.063
—. ..—
(de~;eis)
-7.2
-4,2
-2.8
-1.3
.2
1.’7
4.7
7.8
11,X
13.3
15.5
20.0
26.6
I .—
CDO I c=c/4t
0.1017
l 0513
.0127
.0097
.0092
.0092
.0106
,0160
.0360
.0986
.184’7
.2554
,.
.5148
-0.034
.096
.109
.111
- .111
- .lZ1
.114
l11A
.113
.129
- .152
- .194
.211
,
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TABLI!XX
Airfoil: N.A.C,A. 6309
AverageReynoldsNumber: 3,110,000.
Sizeof nodel: 5 x 30 inches.
ProssL~e,StandardAtmospheres:20.8.
TestNo.: 576 VariableDensityTunnel, Dato:April18, 1931.
-0.182
.042
.109
.265
.421
.728
1.033
1.321
1,!572
1.665
1.598
1.497
1.238
.— —
a.
(degrees)
-’7.4
-5.9
-4.3
-2.8
-1.3
1.7
4.7
‘7.8
11.0
12.7
14.9
19.2
26.1
GDO
0.0541
.0130
.0110
.0102
.0101
.0104
.0116,
.0163
,0263
.0375
.1034
.2227
.4793
cm
c/4
-0.096
- .111
.110
.109
.108
.108
- .109
- .109
.110
,110
l131
- .164
.211
29N.A.C,A.TechnicalNote No. 391
T!A2LEXXI
Airfoil: N.A.C.A.6312
AverageReynoldsI@nber: 3,170,000.
Sizeof model: 5 x 30 inches.
Pressure,StandardAtmospheres:20.6.
!i!estNo.: 577 VariableDensityTvnnel. Date:April20, 1931.
CL
-0.200
.046 ‘
.109
.360
.420
.5’72
.721
1.015
1.296
1.545
1.635
1,’304
1.530
1.314
a.
(degrees)
-7.4
-5.9
=-4.3
-2,8
-1.3
l2
1.?
4.8
?.9
11.1
12.8
14.9
19.1
25.8
—
CDO
0.0132
‘.0121
.0114
.0108
.0108
.0110
,0113
.03.34
.0i92
*
.0289
.0414
.0958
.1976
.3760
~
-0.110
- .108
.108
.10’7
- .106
.103
- .104
.104
*103
,103
. .104
..
l
.
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TABLEXXII
Airfoil: N.A.C,A,6315
AverageReynoldsNumber: 3,100,000.
Sizeof model: s x 30 inches.
Pressure,StandardAtmospheres:20,5.
TestNo.: 578 VariableDensityTunnel. Date:April20, 1931.
CL
-0’047
.105
.258
.417
.568
.715
1,005
1.2’76
1.501
1.551
1.496
1l 444
1.292
.
a.
(d,egrees)
-5,9
-4.3
-2.8
-1.3
.2
1.7
4.8
7.9
11.2
13.1
15.2
19.4
25.9
CDO
0.0127
,0122
.0120
.0120
.0121
.0128
.0154
.0206
.0358
.0626
.1197
.20’74
.3555
cm
c/4
-0.105
.104
- .102
- .101
.099
.099
- .096
.096
.096,
- .103
- .11’7
- .135
- .169
.—
.
l
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TA3LEXXIII
Airfoil: X.A.C?..4.6318
AverageReynoldsXurnber:3,080,000.
Size of model: 5 x 30 inchas.
Pressure,StandardAtmospheres:2100.
TestNo. 579 VariableDensityTunnal. Date:April20, 1931.
-0.062
.086
.236
.390
.683
.569
1.228
1.424
1.252
—..—
ct~ I CDO(degrees) ~
-5.8 i 0,0135
-4.3 .0131
-2.8
“~
.0130
-1.2
I
.0131
1.8
~
.0141
4.9 I .0174
8.1 ,0242
11.5 I .0481
I13.4 , . .0900
15.5 I .1276,“
19.6 I .2148
26.0 I .3423I
— .——— ——
—
c
=c/4
.—
-0.099
.096
.093
.092
.089
.087
.084
.090
.098
.107’
,126
.152
..
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T.43LEXXIV
Airfoil: N.A.C.A,6321
AverageReynoldsNumber: 3,140,000.
Sizeof model: 5 x 30 inches.
Pressure,StandardAtmospheres:20.8.
TestNo,: 580 VariableDensityTunnel. Date:April21, 1931.
CL
I
‘a. I CDO(degrees)
-0.207
.085
.237
.3’78
.527
.667
.943
1.188
1.336
1.354
1.372
1.37’3
1.332
1.234
-?.3
-4.3
-2.8
-1.2
.3
1.9
5.0
8.2
11.8
13.7
15.6,
17’.6
19.8
26,1
I 0.0154I ,0144
I .0145I
I .0148
.0156
.0166
.02,06
I .0300
.0686
.1042
.1261
.1734
.2149
.3283
I i
.-..
-—
c“%/4
-0.094
- .089
.087 “
- .084
.080
- .079
.076
.075
.084
.091
.098
- .106
- ,113
- .137
I
l l
Y
l 10 -
0-
0 x!- 1.00
/
oi(xz,Yz) = tan-~4yJti
-,10- lladlusWw@ endofchord
~=x.~tstne Yu=Yc+Ytcos Q
xl= x+y~sille Yl=Fc-X~COs8
Calculationofordinates H,A.C.A.6321
x Yt Y~ tane sine Cos0 ytBinOytCosa % Yu xl Xl
.0125.03316,00469.38333,35795.93374.01167.00096.00063.03535.l)a~-*026W‘
.30 .10504.06000 0 0 1 0 .10504l3O .I.6504.30
,60
-l04NM
.07985.04696-.07347“*073~ l997=-900=5 .~%4 .6WM .12962.594J,5-.03%6
1,00 .00221. 0 -.ln43-.16909.96s2-.00037.0021,8~.0(M37.M218 .999fj3-*ooa8
~ig.1Diagremandexempleshow- methodofcalculating the ordinates ofN.A.C.A.cember~d
airfoils.
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